We present radio-continuum observations made at 2 and/or 6 cm of 26 cool stars (F0 and later), including 10 F-K main-sequence stars and 16 F-M giant and supergiant stars. The data were obtained as part of several Very Large Array 2 observing programs. 22 of the observed stars were not detected as sources and have typical 3cr upper limits of ~0.35 mJy at 2 cm and ~0.15-0.60 mJy at 6 cm. The failure to detect any of the F-K dwarf stars reconfirms that such stars have intrinsically weak (log L v < 13-14 at 6 cm) radio emission, even if they have rotational periods and/or x-ray luminosities that are similar to those of the (radio detected) RS CVn binary systems. The evolved stars that were detected as radio sources include two M giants (g Her and R Lyr) and the infrared carbon star IRC + 10216. The results of this program when combined with those of our previous studies suggest the existence of a discontinuity in the average ionization fractions of the winds of red giants that occurs at about a spectral type of M6 III. This is also the point at which significant dust formation is observed in red giants. Giants earlier than M6 have f on ~ 10 -2 , while cooler giants have f on <10 4 . The radio source associated with IRC + 10216 may be partially resolved at 2 cm; the brightness temperature at 2 cm, assuming that this is the case, is 1920 K. If the source is in fact unresolved, then the "true" brightness temperature must be greater than this. We discuss alternate models for the 2 and 6 cm radio emission of IRC + 10216 and conclude that the 6 cm emission is consistent with free-free emission from an expanding, partially ionized (/¡on<10 -4 ) wind with an ionized mass loss rate of ~ 3 X 10 -9 ^0 yr ~ ^
INTRODUCTION
In the course of a variety of different radio-continuum programs conducted with the VLA, we have accumulated a large number of observations of late-type stars that have not been discussed in any of our previous published studies. Some of these stars were observed serendipitously, being fairly close in the sky (often visual binary companions) to stars that were the primary targets. Others of these stars were observed because they were "active" stars, in the sense of their having high fluxes of soft x-ray emission or Ca n H and K emission. About half of the stars discussed herein were targets for a VLA program of observations of very cool, evolved, oxygen-and carbon-rich stars that were not reduced in time to be included in Drake et al ( 1987) (hereafter referred to as DLE87). Thus, the sample of 26 late-type stars presented for which we have obtained radio data at 6 and/or 2 cm is in no way a distance-or flux-limited sample. Nevertheless, the radio observations of these mostly single stars are of general interest in that they demonstrate again that radio emission at presently (easily) detectable levels of -0.2 mJy is quite rare among most types of cool stars. The current results also confirm that, because of their enhanced total mass-loss rates compared to earlier giants, detectable radio-continuum emission is most often found in giants with spectral types in the range M3-M6. Even though later M 'Staff Member, Quantum Physics Division, National Institute of Standards and Technology. 2 The VLA is a facility of the National Radio Astronomy Observatory which is operated by the Associated Universities, Inc., under a cooperative agreement with the National Science Foundation.
giants have even more substantial mass loss than the mid-M giants, an apparent precipitous decline in the ionization fraction of their winds when combined with their generally greater distances causes their free-free radio emission levels to lie below our detection limit. This paper then should be considered a supplement to the more systematic programs whose results were presented in Gary & Linsky ( 1983) , Drake & Linsky ( 1986) (hereafter referred to as DL86), and in DLE87, where the reader can also find a description of the reduction techniques and a discussion of the expected sources of radio-continuum emission in cool stars. In Sec. 2, we present the results of this nonsystematic radio survey of late-type stars and discuss in detail the results for a few of the observed stars. We report detections for the first time of two M giants, g Her and R Lyr. We also describe a redetection of the unusual infrared carbon star IRC + 10216, for which we derive an average mass fraction of ionized gas in its wind of -10 _ 4 , and a 2 cm brightness temperature of 1920 K assuming that the source is partially resolved in our A array observations, that is similar to the inferred effective temperature of the optically obscured underlying star. In Sec. 3, we draw more general conclusions on the radio-emission properties of the various types of cool stars that we have observed, and, for both the detected and the nondetected stars, we obtain constraints on the ionized component of their mass-loss rates. fundamental data such as HD numbers, spectral types, distances D in parsecs, rotational periods P rot , and observed xray luminosities log L x . The adopted distances are derived from spectroscopic parallax estimates or, for the nearer stars, trigonometric parallaxes: In the latter case the letter T follows the quoted distance in the table. The observed radio flux density S v in mJy (or 3cr upper limit, if not detected) is listed for each star in column 6 of Table 1 , the observing date is in column 8, and the particular array configuration is given in column 9. All radio observations were made at 6 cm unless otherwise noted. The (logarithm of the) inferred radio luminosity logL v in erg s ~ 1 Hz ~ 1 is listed in column 7 of Table 1 , calculated using the standard relation
RESULTS OF THE RADIO SURVEY
Additional comments on the stars observed, such as previous radio flux density measurements, and information on binary companions, if present, are listed in the notes to Table  1 . None of the main-sequence stars were detected, with upper limits to log L v~ 13.2-14.9 being generally consistent Noyes et al. (1984) , except for 6 Tri B for which we have assumed a rotational period that is synchronous with the orbital period, HR 7354 for which the period comes from Rutten (1986) , and CVn for which we have estimated a period from the observed v sin i. Specific Notes.
1. 6 Tri B is a spectroscopic binary of 2.2365 days orbital period, and also is the fainter member of the optical double star 6 Tri, with 4 arcsecs separation from 6 Tri A (= TZ Tri), which is also a spectroscopic binary and, in addition, a known RS CVn variable. 6 Tri is an X-ray source of 1.00 x 10 A (-11) erg/s/cm A 2 (Majer et al. 1986 ), but the two visual components are unresolved in the Einstein IPC image. 2. 50 Per has an X-ray flux of 1.2 x 10 A (-11) erg/s/cm A 2 (2.90') in the 0.15 to 3 keV band, as measured by the HEAO-1 A2 detector (Walter et al. 1980 ). 3. 40 Eri A is the primary component of a wide (83 N angular separation between components A and B+C) visual multiple system. The X-ray data is taken from an Einstein HRI observation of Vaiana et al. (1981) which could spatially resolve the X-ray emission from 40 Eri A (6.8 x 10 A (-13) erg/s/cm A 2) from the emission from the M dwarf 40 Eri C. 40 Eri A has 6 or 7 previous microwave observations of 1 mJy or less sensitivity, but has never been detected, with the deepest upper limit of 0.17 uüy at 6 cm Iisted by WiI Ison et a I. (1988) . 4. HD 28495 was found to be a serendipitous X-ray source of 1.67 x 10 A (-12) erg/s/cm A 2 by Vaiana et a I. (1981) . We have assumed it is a dwarf star. 5. 58 Eri was detected as a 2.7<T X-ray source by HEAO-1 A2 with an observed flux of 1.8 x 10 A (-11) erg/s/cm A 2. 6. This is the fainter component of the visual binary CVn, being separated by 19 H from the Ap star primary o^CVn. The X-ray flux of this system is 3.7 x 10 A (-13) erg/s/cm A 2 (Schmitt et al. 1985) , and is presumably due mainly to the secondary component discussed here. 7. 70 Oph is a visual binary of 2" separation and an 88 year period. X-ray fluxes of 7.4 x 10 A (-12) erg/s/cm A 2 and 3.3 x 10 A (-11) erg/s/cm A 2 have been measured by the Einstein IPC (Ayres et al. 1981 ) and the HEAO-1 A2 detectors (Walter et al. 1980) , respectively. The present radio upper limit is high due to the presence in the VLA's primary beam of a strong (64 mJy integrated flux density), double-lobed (and hence probably extra galactic) radio source at 18 I, 02 ,, 51Í5, 2 Ä 30 1 20 l, (1950 coordinates) about 1* away from the position of 70 Oph. Two previous 6-cm observations of 70 Oph produced similar upper limits to that quoted here: 0.8 mJy by Linsky and Gary (1983) , and 1.0 mJy by Fomalont and Sanders (1989) . 8. HR 6806 was detected at a level by HEAO-1 A2 with an observed X-ray flux of 2.4 x 10 A (-11) erg/s/cm A 2 (Walter et al. 1980) . A previous 6-cm upper limit of 1.0 mJy is reported in Fomalont and Sanders (1989) . 9. HR 7354 was detected at a 2.80' level by HEAO-1 A2 with an observed X-ray flux of 2.6 x 10 A (-11) erg/s/cm A 2 (Walter et al. 1980 Linsky & Gary 1983; Bookbinder & Walter 1987) . Five of the dwarf stars are extremely active as indicated by their x-ray luminosities, with log ¿*>29.0. (Notice, however, that the fluxes obtained by the HEAO-1 A2 detector are probably systematically larger by a factor of 2 or 3 than the fluxes that the Einstein IPC would have measured for these sources due to problems of confusion, low statistical significance, and the A2 passband being somewhat softer than that of the Einstein IPC detector.) Comparison with the corresponding x-ray and radio properties of active dwarf stars of similar spectral types that belong to RS CVn binary systems, as summarized by Drake et al. (1989) , shows that the active single stars have, for a given observed x-ray flux, significantly weaker observed radio flux densities. To put it another way, the five single, very active dwarf stars in this sample have a mean log L x = 29.9, compared to a mean log L x = 30.2 for 13 active dwarf RS CVn systems in Drake et al. ( 1989) : none of the single stars are radio sources, with upper limits to log L v from < 13.4 to < 14.9, while seven of the 13 binary stars are radio sources with log Z, v~ 15.3-16.3, and four of the remaining nondetected binary stars have fairly high upper limits to logL v such that radio emission at moderate levels (14.0<log L v <15.0) cannot be excluded. This result shows that a high level of coronal thermal x-ray emission is not a sufficient condition to ensure a high level of radio nonthermal emission in cool dwarf stars. In addition, the failure to detect any of the rapidly rotating stars (P rot <10 days) in the present sample, such as the F7 V star 50 Per or the Gl V star 58 Eri, implying log L v 5 14, is an interesting result, since it implies that rapid rotation is also not a sufficient condition to guarantee enhanced levels of radio emission. Stars of similar spectral types and rotation periods in binary systems are generally much more radio luminous: Drake et al. (1989) found an average log L v ~ 15.0 + 0.8 for 32 RS CVn binaries in which the active components were on or only slightly above the main sequence and had rotation periods in the range of 0.5 to 10 days.
The F-M Giant and Supergiant Stars
The results of the radio observations of the 16 giant and supergiant stars are given in Table 2 , which is similar in format to Table 1, except that we have omitted visual magnitudes and x-ray luminosities, and have explicitly included a column giving the observing wavelength A, and in Table 3 , where we have presented the following additional information: adopted stellar photospheric angular diameters in milliarcsec (mas), resultant inferred stellar radii R* in solar radii i? 0 and radio brightness temperatures T h in K, adopted total mass-loss rates J^t ot in yr " 1 and outflow velocities y w in km/s, inferred angular diameters of the radio emission regions <^r ad in mas, inferred ionized mass-loss rates J^i on in yr ~1, and, finally, the inferred average ionization fractions y[ on . The derivation of these quantities in the context of the radio emission expected from the ionized component of a stellar wind has been discussed by DL86 and DLE87 and will not be repeated here, except to note that, in order to derive ^i on we have used the standard optically thick formula [DL, Eq. (2) ] for all stars for which <ÿ rad , or its upper limit, exceeds (f>*, and the optically thin formula [DL, Eq. (3)] otherwise.
We now discuss in detail the results for a number of the stars which are of special interest, and then proceed to a more general discussion placing the present findings in the overall context of our present understanding of the radiocontinuum emission properties of late-type stars.
IRC+10216=CW Leo
This infrared carbon star is visible at optical wavelengths only as a faint, oval nebulosity of ~2 /, -4" in size (Becklin et al. 1969) . The true angular diameter of the underlying star has been variously estimated as 19 mas (Ridgway & Keady 1988) or 46-64 mas (Rowan-Robinson & Harris 1983b), depending on the Mira phase of this long-period variable. The corresponding stellar temperatures are 2300 and 2000 K, respectively. Previous radio observations of IRC + 10216 have been summarized by DLE 87and Sahai et al. (1989) . In our A array observation of this star in July 1987 we detected it in both 2 and 6 cm with fluxes of 1.16 + 0.12 and 0.28 + 0.05 mJy, respectively, implying a spectral index of 1.24. The position of the radio source at 2 cm as found by fitting the observed source with a Gaussian using the Astronomical Image Processing System task imfit is 9 h 45 m 14?890, 13°30'40"73 (equinox 1950) , with a formal uncertainty in each axis of 0"004, and agrees to within 0"1 with the position determined by Sahai et al. (1989) from their 2 cm i? array observation. The integrated intensity of this source determined by imfit is 1.29 + 0.14 mJy, and is somewhat greater than the measured peak intensity of 1.04 + 0.04 mJy. The nominal best-fit Gaussian after the beam has been deconvolved is 80 by 59 mas, with the major axis being at a position angle of 41°. We regard this as very weak evidence for the source actually having been resolved, since atmospheric phase errors at 2 cm can easily cause intrinsically unresolved sources to look slightly extended in A array observations; however, if the deconvolved source size is the intrinsic one, then the inferred brightness temperature at 2 cm of 1920 K is very similar to the typical photospheric temperatures quoted above.
The 2 cm flux density of this source measured by Sahai et al. (1989) for their June 1985 observation in B array was 1.4 + 0.05 mJy. This small difference in measured flux density compared to our July 1987 2 cm flux density of 1.16 + 0.12 appears weakly significant, with a formal significance of 2cr, and could be due to (a) intrinsic source variability, or (b) our A array observation "resolving away" 0.24 mJy of extended flux density compared to the B array observation, or (c) an underestimation of the true random errors in one or both of the 2 cm flux estimates causing a constant source to appear to be variable.
The position of the weak and unresolved 0.28 mJy 6 cm radio source determined in the same manner as for the 2 cm source is 9 h 45 m 14?889,13°30 , 40"68 (equinox 1950) , with a formal uncertainty in each axis of 0"03. The 6 cm flux density found here is not significantly different from the 0.42 + O.lOmJy obtained by Spergel ei a/. ( 1983) from their October 1981 observation, and implies that significant evolution of the inner ionized region of its wind has not occurred in the intervening 6 yr.
The inferred 2-6 cm spectral index for IRC + 10216 of 1.24 is intermediate between that expected for a "hardedged" blackbody source and that predicted for a source of free-free emission produced in an optically thick medium that is expanding with constant velocity and therefore has a frequency-dependent source size, e.g., Wright & Barlow (1975 This star also has an unusual infrared excess at the IRAS wavelengths as discussed by Judge, Jordan, and Rowan-Robinson (1987) . 2. This late-type M giant is a suspected variable star (NSV 2601). An identical 6-cm upper limit for this star was obtained by Spergel et a I. (1983) . 3. Single-lined spectroscopic binary of 2,983 days orbital period, and close visual binary of 0.03 arcsecs separation, with a secondary companion that is 2.0 magnitudes fainter than the M giant primary. This system is also a detected X-ray source (Maggio et al. 1990) , with an Einstein soft X-ray flux of 4.4 x 10"(-13) erg/s/cm"2, implying an X-ray luminosity of 5.3 x 10"(29) erg/s. 4. This reddened M supergiant is a unique variable with a photometric variation of as much as 3 mags. An upper limit of 0.30 mJy at 6 cm is given in Spergel et al. (1983) . 5. Spectroscopic binary of undetermined orbital period, and close visual binary of 0.1 arcsecs separation, with a secondary companion that is equally bright at Y band. 6. Single-lined spectroscopic binary of 80.54 days orbital period (McClure 1983) . Radio observations of a sample of other barium stars are discussed in Drake, Simon, and Linsky (1987) . 7. This M giant is an SRc? variable of 1.5 mags, amplitude and a periodicity of about 120 days. An upper limit of 0.39 mJy at 6 cm is given in Spergel et al. (1983) . 8. This infrared carbon star is also the variable CW Leo. It is believed to be a very reddened and liminous Mira variable, and a photometric period of 635 days has been reported by Alksnis (1989) . Not surprisingly, it was not detected by Einstein as an X-ray source, with an upper limit of 1.2 x 10"(-13) erg/s/cm"2 being obtained, corresponding to an X-ray luminosity upper limit of 9.7 x 10"(29) erg/s. Other radio and millimeter observations of this star are discussed in the text. 9. This star has a variable radial velocity and suspected low-amplitude photometric variability, both of which may be indicative of binarity, 10. This star is a semi-regular (SRb) variable of 1.5 magnitudes amplitude and a periodicity of about 70 days. 11. This star is an unrelated (optical) companion of the long-period RS CVn binary o Dra A, from which it is separated by 35 arcsecs. The Einstein detection of this system (unresolved by the IPC) is almost certainly attributable to X-ray emission to this latter, active binary system. 12. This star is a semi-regular (SRb) variable of 1.1 magnitudes amplitude and a periodicity of about 46 days. Its variable radial velocity has been interpreted as motion in a triple system with orbital periods of 41.3 days and 5 years, but this is apparently now regarded as unlikely. 13. This star is a 290.8 day Mira variable of 6.3 magnitudes amplitude. It was not detected by Einstein as an X-ray source, with an upper limit of 1.8 x 10"(-13) erg/s/cm"2 being obtained (Maggio et a I. 1990) , which corresponds to an X-ray luminosity upper limit of 1.6 x 10"(30) erg/s. These and previous radio observations of this possible one-time radio source are discussed in the text.
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Notes to Table 2 (continued) 14. This infrared M supergiant is also known by its variable designation of V1489 Cyg. It has a photometric variability at K-band of 0.7 mags, and a very slow periodicity of 1280 days. An upper limit of 0.24 mJy at 6 cm is given in Drake et al. (1987) . 15. This is the prototype of the Cepheid variable class and has a pulsation period of 5.37 days. It was not detected by Einstein as an X-ray source, with an upper limit of 1.3 x 10*Ç-13) erg/s/cm*2 being reported by Maggio et al. (1990) , corresponding to an X-ray luminosity upper limit of 1.2 x 10*(30) erg/s. A 0.135 mJy upper limit for the 6-cm flux of this star has been previously presented by Welch and Duric (1988) , along with non-detections of 6 other Cepheid variables. 16. This relatively early-type Carbon star is an Lb variable of 0.8 magnitudes amplitude, and also has a variable radial velocity. Table 3 RR in column 3 indicates that the angular diameter has been obtained from Rowan-Robinson and Harris (1983a,b) and its accuracy is mode I-dependent. R in column 6 indicates that the total mass loss rate is estimated using § Reimers* (1975) type scaling law of the form: M = 8.2 * 10*(-9) •CL(bol)/L a /(glVR Q )} in M 0 /yr. K in column 6 indicates that the total mass loss rate is taken from Knapp (1985) . E in column 6 indicates that the total mass loss rate is taken from Eriksson et a I. (1986) . # in column 9 indicates that the optically t^in form of the stellar wind mass loss formula has been used to infer M(ion). 0 in column 9 indicates that the observed flux has been corrected for a presumed photospheric contribution (assumed to be a black body with the stellar angular diameter and 3000K brightness temperature), and this corrected flux then used to derive an ionized mass loss rate using the optically thin stellar wind formula. 1. Scargle and Strecker (1979) obtained a much larger value for the angular diameter of VY CMa, namely 58 mas, using the infrared flux method. We prefer the Rowan-Robinson and Harris (1983a) estimate of 15 mas, since, the larger angular diameter implies an upper limit to the 2-cm brightness temperature that is implausibly low (only 825K). 2. Ridgway and Keady (1988) Table V , for summary), and the deviation from the "standard" 0.6 slope can be readily explained by, among other causes, the outflow having significant acceleration and/or an ionization fraction decreasing with greater radial distance in the region where the radio continuum emission is formed. If we use the standard formalism [e.g., DL86, Eq. ( 1 ) ] as applied to the 6 cm flux density, we infer an ionized mass-loss rate of 3.1X 10 " 9^0 yr ~l, adopting the observed terminal velocity of 15 km/s.
One problem with applying this explanation to IRC + 10216 is that the model predicts a size for the radio emission region (26 mas at 2 cm) which is smaller than the size of the star (at least as measured by Rowan-Robinson & Harris 1983b) , implying that the assumption of an optically thick wind is invalid if their value is correct. If the wind is indeed optically thin at 2 cm, then the bulk of the observed 2 cm radio emission must come from the photosphere of the underlying star; if we assume that it is all photospheric in origin and that the angular diameter is 55 mas, this implies a brightness temperature of 3.0 X 10 3 K which is indeed quite close to the inferred photospheric temperature of IRC +10216. However, the 6 cm flux produced by the photosphere, assuming it is a 3.0 X10 3 K blackbody of constant angular size, is only 0.12 mJy, which is 0.16 mJy less than the observed 6 cm flux density. The additional flux at 6 cm could be explained by either (a) the 6 cm brightness temperature being greater than the photospheric temperature; or (b) the additional contribution of an optically thin stellar wind region; or (c) a combination of these two effects.
In the first case, the inferred 6 cm brightness temperature is 6.9 X 10 3 K and at 6 cm, and thus there must be a rapid rise in temperature in a geometrically thin region above the photosphere. In the second case, we can use a formula for the radio emission from an optically thin stellar wind [DL, eq. ( 3 ) ], assuming the above-mentioned division between photospheric and "excess" flux densities, to infer an ionized mass-loss rate of 3.0X10 -9 yr -1 which is essentially identical with the estimate obtained from the optically thick wind model. In the third case, we would need a combination of a smaller temperature rise than in case (a) together with a smaller ionized mass-loss rate than in case (b) to produce the observed 6 cm flux density. To resolve this fundamental ambiguity of interpretation of the radio emission of IRC + 10216 would require higher spatial resolution ratio observations that could directly determine the source size as a function of wavelength.
Thus, using either the optically thick or optically thin stellar wind models' estimates of the ionized mass loss rate combined with Knapp's (1985) estimate for the total mass loss rate from IRC + 10216 would imply an extraordinarily low ionization fraction of ~ 7 X10 "
5 . This, of course, is a globally averaged, and hence also time-averaged value: the total mass-loss rate inferred from IR and molecular lines samples regions of the wind ejected from the stellar surface between 15 and >1500 yr ago, while the radio inferred ionized massloss rate is a measure of the present mass loss. Sahai ( 1987) has, in fact, suggested that there has been a decrease in the total mass-loss rate of as much as a factor of 2 within the last few hundred years, based on an analysis of the CO millimeter lines, while Ridgway & Keady ( 1988 ) have noted that the K magnitude of IRC + 10216 has decreased monotonically by more than a magnitude over the preceding two decades.
A more detailed modeling of the entire infrared and radio (up to 2 cm) continuum of this fascinating star is presented by Sahai et al. ( 1989 ) . Here, we point out that the flux densities predicted for IRC + 10216 at 1.5 cm by the models presented above are 1.38 and 2.06 mJy, respectively, for the optically thick wind and the "pure" photospheric models. Both of those estimates are significantly less than the 6 mJy observed by Sahai et al. within their HPBW of L'5, suggesting that additional flux density over an extended region must be being produced by cool dust and/or free-free processes. Clearly, a long-term radio monitoring study of this star should be carried out to disentangle intrinsic variability due to the star itself from apparent variability due to comparing observations of its radio emission made with very different telescopes that are sensitive to different spatial scales. Types of intrinsic variability that may be expected to be present are stochastic variability, periodic variability possibly related to its 635 day Mira period, and/or long-term secular trends such as might be associated with the evolution of IRC + 10216 into a protoplanetary nebula. Given the present weakness of this radio source, moreover, the VLA is probably the only feasible telescope with which to carry out such a monitoring program. 2.2.2 RAqi We failed to detect this star at either 2 or 6 cm in our July 1987 observations. Thus, we cannot confirm the possible (3a) detection of R Aql at a level of 0.54 mJy at 2 cm that was reported by DLE87: if the latter detection is of a real radio source and not merely a noise artifact, then the star must be variable by at least a factor of about two at centimeter wavelengths. The previous single-dish observations of this star discussed in DLE87 further suggest that, on occasion, its flux density at 2-3 cm can range up to tens to hundreds of mJy. However, given the low significance of the VLA results, and the possible sources of confusion in singledish radio observations of weak sources, we regard the existence of the R Aql radio source as being probable but not certain, and believe that a statistically significant VLA detection is needed before further interpretations on its radio properties should be made. As for IRC + 10216, a long-term VLA monitoring program is probably the most likely way of attaining such a result.
2.2.3 Ô And We have observed this star because of its 60 ¡im infrared excess and "hybrid" outer atmosphere that have both been extensively discussed by Judge et al. ( 1987) . As indicated in Table 2 , there is no source of radio emission at the optical position of this star, but there is a 0.72 + 0.07 mJy source at a 1950 position of 0 h 36 m 37.70 s + 0.01 s ,30 o 35'23.8" + 0.2", about 23" away. This source appears somewhat extended (2(7significance) with a deconvolved size of 4.8" X 1.6". The radio source lies about 6" away from ô And B, a common proper motion (and hence presumably physical) companion to the primary 8 And ^4, and is situated almost exactly on the line joining the two stars. The probability of an extragalactic background source of this strength being within 23" of a preselected point in the sky is about 2%, i.e., small, but not completely negligible. The relationship, if any, of this source to the stars in the multiple system 8 And is difficult to determine on the basis of the present data. A measurement of the radio spectral index of this source and of its precise angular size would probably indicate whether the source is a thermal or non-thermal radio source. In addition, infrared observations of high spatial resolution of 8 And might also help 1991AJ 101. . 230D 236 DRAKE ETAL. : RADIO CONTINUUM OF COOL STARS 236 clarify the ambiguity due to the low accuracy of the IRAS source position by finding the exact position (and angular size) of the far-IR emission region relative to the optical stars and the radio source.
DISCUSSION AND CONCLUSIONS
The radio observations reported in this paper support and amplify the general trends noted by Linsky & Gary (1983) , Willson et al. ( 1988) , and Fomalont & Sanders ( 1989) for single cool dwarf stars of spectral types F, G, and early K, and those noted by DL86 and DLE87 (among others) for evolved stars with spectral types from late F-M.
Single F to early K dwarf stars have low levels of radiocontinuum emission, with the most stringent upper limits (from this paper and from the published literature) being log L v < 12.5-13.5. There are only two exceptions to this limit of which we are aware: the GOV star x l Ori, which was definitely detected by Linsky & Gary (1983) on one occasion at a level of log L v ~ 14.0 (at 6 cm), but never redetected convincingly again despite a number of attempts, and the K2V star HD 82558 which was detected as a 4cr source at 6 cm corresponding to log L v~ 13.7 by Drake & Caillault ( 1990) . However, the radio emission from^1 Ori may in fact have come from its close (0.65" separation) visual binary companion, which is an M4 V star, and hence a likely candidate for a flare star. Two factors that appear to promote enhanced levels of radio emission in RS CVn stars and dMe stars are rapid rates of rotation and high x-ray emission levels: We have observed a sample of single F to early K dwarfs that contains five or six rapid rotators with inferred rotational periods of less than 10 days, and five x-ray luminous stars with log L x > 29.0, and yet have made no detections. This confirms that, although these factors may be necessary conditions for enhanced levels of radio emission, they are clearly not sufficient conditions.
The observations of cool evolved stars reported confirm previous findings of DL86 and DLE87 on the dependence of ionized mass loss on spectral type, as inferred from radiocontinuum observations. For the early M giants (M0-M6 III), we find typical ionized mass fractions/ on of order 1%, with an apparently significant scatter about this mean value of +0.5 dex, while for the late M giants (M7-M8 III), we have no detections, implying/[ on < 0.04%. If we exclude the possible detection at 2 cm of R Aql claimed in DLE87, we can obtain even more stringent constraints for these late M giants of < 0.01 %. We have too few detections of radio emission to pin down precisely at what spectral type this transition in the wind properties takes place, but all the presently available data suggest that it occurs near M6 III. This appears to be consistent with our detection of g Her (M6-III) that implies f ou = 1.2% and our nondetection of RS Cnc (M6 Ilia) that implies/ on <0.5%. [The implication from the spectral types that g Her is slightly hotter than RS Cnc is also supported by the analysis of Scargle & Strecker (1977) who derived an effective temperature for g Her of 3450 K that is 100 K hotter than that obtained for RS Cnc. ] The transition in ionized fractions is the winds of M supergiants appears to occur at a somewhat earlier spectral type than in the giants: a reasonable guess would place it at M3-4 I, since a Ori and a Sco (Ml. 5-M2 supergiants ) are inferred to have/ on ~ 10 -2 , while the M5-6 la stars observed here have/ on < 10-3 3 . For both giants and supergiants the decrease in f on of their wind regions appears to occur at roughly the same spectral type as that for which infrared measurements show that significant dust envelopes become apparent. It is tempting to speculate that these two phenomena are simultaneous manifestations of some global thermodynamic transition in the stellar winds of late-type, evolved stars. It is interesting to note in this regard that Muchmore etal. ( 1987) proposed that such a transition does occur, triggered by a cooling instability due to SiO formation. Indeed, the division we find in the data roughly coincides with the presence or absence of SiO maser emission in these sources. Another instability that occurs in the same range of parameters is caused by photon trapping in optically thick vibration-rotation transitions of the water molecule (Elitzur et al. 1989) . Clearly, detailed modeling of these winds, and their dependence on effective temperature and gravity, are required to understand the various instability mechanisms and the connections among them and the data.
